! ^ 

i o 




IN THE UNITED STATES ° 
PATENT AND TRADEMARK OFFICE * 



Title: Fabry-Perot Stepped Etalon With Improved Transmittance Characteristics 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



°^=~ Patent Application 

F Inventor(s): Michael J. Alexandrovich, Stephen O'Brien and Richard B. Bylsma |g5 
• w Case: Alexandrovich 1-12-9 H — 



n 



Sir: 



Enclosed please find the following papers relating to the above-identified 
application for patent: 



1. Specification, Claims and Abstract; 

2. four sheets of informal drawings; 

3. an Assignment with Cover Sheet; 

4. a Declaration and Power of Attorney; and 

5. a stamped, self-addressed postcard 





Claims As Filed 






No. Filed 


No. Extra 


Rate 


Calculations 




Total Claims 


20-20 = 


0 


x $22.00 = 


$ 0.00 




Independent Claims 


3-3 = 


0 


x $82.00 = 


$ 0.00 


Q 


Multiple Dependent 


0 




x $270.00 = 


$ 0.00 




Claim(s), if applicable 










Basic Fee 






$790.00 






Total Fee 


$790.00 



Please file the application and charge Lucent Technologies, Inc.'s Deposit 
Account No. 12-2325 the amount of $790.00 to cover the filing fee. Duplicate 
copies of this letter are enclosed. In the event of non-payment or improper 
payment of a required fee, the Commissioner is authorized to charge or credit 
Deposit Account No. 12-2325 as required to correct the error. 



Please direct all correspondence to the undersigned at 226 St. Paul Street, 
Westfield, New Jersey 07090, and direct all telephone inquiries to the 
undersigned at (908) 654-8000. Please stamp and return the postcard to the 



undersigned upon receipt in the Patent Office of the foregoing items. 



Respectfully submitted, 

Jean-Marc Zimmerman 
Registration No. 36,978 
Attorney for Applicant 



Dated: March 30, 2000 

JMZ/id 

enclosures 



Certificate of Exp ress Mailing 
Express Mail Label No. EJ163568087US 
Date of Deposit: March 30, 2000 

I hereby certify that the enclosed patent application for a Fabry-Perot 
Stepped Etalon With Improved Transmittance Characteristics is being sent 
Express Mail Post Office Service under 37 C.F.R. Section 1.10 on the date 
indicated above and are addressed to the Commissioner of Patents and 
Trademarks, Washington, D.C. 20231. 



Jean-Marc Zimmerman 



2 



F ABRY-PEROT STEPPED ETALON WITH IMPROVED 
TRANSMIT! ANCE CHARACTERISTIC 

FIELD OF THE INVENTION 

5 

The present invention relates to etalons, and more particularly to an 
improvement in the design of a stepped Fabry-Perot etalon that eliminates reflection. 

BACKGROUND OF THE INVENTION 

10 Stepped Fabry-Perot etalons are typically comprised of a body of transparent 

material having a top planar surface and two bottom planar surfaces that are parallel to 
the top surface but are positioned at different distances from the top surface so that 
there is a step between the two bottom surfaces. The bottom surface that is closer to the 
top surface is commonly referred to as the thin side and the bottom surface that is 

15 farther from the top surface is commonly referred to as the thick side. In determining 
the frequency of a beam of light projected onto the top surface, use is made of the 
transmittance functions of the top and bottom surfaces of the etalon. 

In conventional etalons, the step between the two bottom surfaces is 
perpendicular to the surfaces, and reflections from the step back into the etalon are at a 

20 different angle than that of the original beam of light. Since the transmittance function 
of the etalon depends on the angle at which light impinges on the top and bottom 
surfaces of the etalon, the transmittance function for the original beam of light and the 
transmittance function for the light reflected from the step are different. Thus, the 
overall transmittance function is defined by the uncontrolled interference of the 
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original and reflected light The etalon characteristic of the stepped etalon becomes 
irregular. This effect occurs in the proximity of the step so as to make the area near the 
step unusable. This is an obstacle to the miniaturization of the etalon. 

In an attempt to reduce this deleterious effect, random features have been 
5 formed on the step to scatter the light. Doing so helps to a degree because the more 
light scattered, the less light is reflected, but it does not solve the problem completely. 

SUMMARY 

In accordance with the present invention, reflections from the step of a Fabry- 
10 Perot stepped etalon are eliminated by forming the step at an angle with respect to the 
top and bottom surfaces such that light from the original beam passes through the step 
rather than being reflected back. The step is formed at an angle so that a beam of light 
strikes the step at the Brewster angle. To avoid any reflection, the light beam must be 
linearly polarized and collimated and the electric component vector of the light beam 
15 must be in the plane of incidence. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a cross sectional view of a conventional etalon having a vertical 

step. 

20 FIG. 2 shows a graph of the transmittance of light plotted as a function of the 

frequency of light in TerraHertz (THz) for both the thick and thin sides of the etalon 
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shown in FIG. 1. 

FIG. 3 shows a cross-sectional view of an exemplary embodiment of an etalon 
fabricated according to the present invention. 

FIG. 4 shows a perspective view of the etalon shown in FIG. 3. 

FIG. 5 shows a graph of the h-ansmittance of light plotted as a function of the 
frequency of light in TerraHertz (THz) for both the thick and thin sides of the etalon 
fabricated according to the present invention and shown in FIGS. 3 and 4. 

DETAILED DESCRIPTION op THK rMVBMnnxT 
FIG. 1 shows a cross sectional view of a conventional etalon 10. Since the present 
invention incorporates elements in etalon 10, a detailed review of its operation will aid 
in understanding the teachings of the present invention Etalon 10 is comprised of a top 
surface 12, a first bottom surface 14, the thick side, and a second bottom surface 16, the 
thin side. Top surface 12 and first and second bottom surfaces 14 and 16 are all pa^ulel 
to one another. First bottom surface 14 is positioned at a distance fa, herein shown by 
way of example to be 1.0 millimeter (mm) from top surface 12, and second bottom 
surface 16 is positioned at a distance t, herein shown by way of example to be 
0.999910mm from top surface 12. Ftat and second bottom surfaces 14 and 16 each have 
an edge 18 and 20, respectively, that face one another. A step 22 lies between edges 18 
and 20 and is perpendicular to both of them. Etalon 10 may be fabricated from glass, 
silicon or any other optical material. 
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A line 24 represents the path of the central ray of a beam of collimated linearly 
polarized light that is projected onto top surface 12 at an angle of incidence of 0 with 
respect to a line 26 that is perpendicular to top surface 12. As a result of the difference 
in the speed of light in air outside of etalon 10 and the speed of light in etalon 10, the 
5 beam of light represented by line 24 is refracted so that it enters etalon 10 at an angle 0'. 
The beam of light then proceeds along a path 28 so as to strike step 22 at an angle of 
incidence i with respect to a line 30 that is perpendicular to step 22, and is then totally 
reflected at an angle of reflection r = i along path 32. 

The beam of light is reflected from first bottom surface 14 along path 34 to top 
10 surface 12 so as to be reflected back and forth between top surface 12 and first bottom 
surface 14 as indicated by paths 36, 38 and 40. Other rays in the beam of light also strike 
step 22 and are reflected in a manner corresponding to that of the central ray just 
described. As a result of the reflections from step 22, light striking the bottom surfaces 
14 or 16 within a region defined by the lines 42 and 44, herein shown by way of 
15 example to be 0.8 mm apart, introduces loss into the overall transmittance function of 
etalon 10. 

FIG. 2 shows a graph of the transmittance function of light plotted as a function 
of the frequency of light in THz for both first bottom surface 14 and second bottom 
surface 16 of etalon 10, wherein the transmittance function is represented by a scale of 
20 numbers from 0.0, denoting no transmittance of light through etalon 10, to 1.0, 
representing 100% transmittance of light through etalon 10. Curve 46 represents the 
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transmittance function of first bottom surface 14, the thick side of etalon 10, and curve 
48 represents the transmittance function of second bottom surface 16, the thin side, of 
etalon 10. 

FIG. 3 shows a cross sectional view of an exemplary embodiment of an etalon 50 
fabricated according to the present invention. Etalon 50 is comprised of a top surface 
52, a first bottom surface 54, the thick side, and a second bottom surface 56, the thin 
side. Top surface 52 and first and second bottom surfaces 54 and 56 are all parallel to 
one another. First bottom surface 54 is positioned at a distance ti, herein shown by way 
of example to be 1.0mm, from top surface 52, and second bottom surface 56 is 
positioned at a distance t 2 , herein shown by way of example to be 0.999910mm, from 
top surface 52. First and second bottom surfaces 54 and 56 each have an edge 58 and 60, 
respectively, that face one another, hi accordance with the present invention, a sloping 
step 62 is positioned between edges 58 and 60 so as to be at an angle other than 90° 
with respect to first and second bottom surfaces 54 and 56. 

A line 64 represents the path of the central ray of a beam of collimated linearly 
polarized light that is projected onto top surface 52 at an angle of incidence 9 with 
respect to a line 66 that is perpendicular to top surface 52. The beam of light 
represented by line 64 is refracted and enters etalon 50 at an angle 9* and then proceeds 
along a path 68 so as to strike sloping step 62 at an angle of incidence i* that is 
approximately equal to the Brewster angle with respect to a line 70 that is 
perpendicular to sloping step 62. The central ray of the beam of light then passes 



through sloping step 62 along a path 72. 

Since the beam of light is collimated, all rays of light striking sloping step 62 will 

also pass through step 62 and will not be reflected back into etalon 50. The useless 

region of etalon 50 where reflections occur is positioned between lines 74 and 76, and 
5 given the particular dimensions of etalon 50, is approximately 300 nanometer (nm). 

Thus, the useless region of etalon 50 is 2600 times smaller than the useless region of 

conventional etalon 10 shown in FIG. 1 and described above. 

The electric component vector of the collimated and linearly polarized beam of 

light represented by line 64 must be in the plane of incidence because only for such an 
S10 orientation of the electric component vector will there no reflection at the Brewster 
55 angle ° f light back mto etalon 50 - Accordingly, an etalon designed according to the 
j jl present invention can be fabricated to be smaller than conventional etalons. 
^ FIG. 4 shows a perspective view of etalon 50 shown in FIG. 3. Elements 

* corresponding to those shown in FIG. 5 are numbered the same. As shown in FIG. 4, 
js etalon 50 includes sides 78, 80, 82 and 84, and ends 86 and 88. Sides 78, 80, 82 and 84 

are all coplanar. 

Any suitable directing means, e.g., 90, can be used to project a linearly polarized 
beam of light within the dashed lines 92, 94, 96 and 98 onto top surface 52 with an 
angle of incidence of 9, wherein the electric component vector of the beam of light is in 
20 the plane of incidence. Although it is preferable to fabricate etalon 50 in the form of a 
solid block of material such as glass or silicon, it is possible to substitute air for certain 
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sections of the material in which case top surface 52 and first and second bottom 
surfaces 54 and 56 would be mirrors that may be kept in position by attachment to 
suitable spacers 100 and 102. 

FIG. 5 shows a graph of the transmittance function of light plotted as a function 
of the frequency of light in THz for both first bottom surface 54 and second bottom 
surface 56 of etalon 50. Curve 104 represents the transmittance function of first bottom 
surface 54, the thick side of etalon 50, and curve 106 represents the transmittance 
function of second bottom surface 56, the thin side, of etalon 50. 

Numerous modifications to and alternative embodiments of the present 
invention will be apparent to those skilled in the art in view of the foregoing 
description. Accordingly, this description is to be construed as illustrative only and is 
for the purpose of teaching those skilled in the art the best mode of carrying out the . 
invention. Details of the embodiment may be varied without departing from the spirit 
of the invention, and the exclusive use of all modifications which come within the scope 
of the appended claims is reserved. 



CLAIMS 

What is claimed is: 

1. A stepped etalon, comprising: 
a first planar reflecting surface; 
5 a second planar reflecting surface positioned parallel to and at a first distance 

from the first planar reflecting surface; 

a third planar reflecting surface positioned parallel to and at a second distance 
from the first planar reflecting surface, the second distance being greater than the first 
distance, the second planar reflecting surface having a first edge and the third planar 
■jlO reflecting surface having a second edge, the first and second edges facing one another; 
j and 

J a step having a sloping planar surface adjoining the first and second edges. 

j 2. The stepped etalon according to Claim 1, wherein the step is positioned 

3l5 such that a portion of a light passing through the first planar reflecting surface 

impinges on the sloping planar surface at an angle such that it passes through the 

sloping planar surface. 

3. The stepped etalon according to Claim 2, wherein the angle is the 
20 Brewster angle. 
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4. The stepped etalon according to Claim 1, wherein the first distance 
between the first planar reflecting surface and the second planar reflecting surface is 
1.0mm, the second distance between the first planar reflecting surface and the third 
planar reflecting surface is 0.999910mm, and a third distance between the first edge and 
the second edge is 300nm. 

5. The stepped etalon according to Claim 1, wherein the first, second and 
third reflecting surfaces are each formed on a glass surface. 

6. The stepped etalon according to Claim 1, wherein the first, second and 
third reflecting surfaces are each formed on a silicon surface. 



^ 7. The stepped etalon according to Claim 1, wherein the first, second and 

* third reflecting surfaces are each formed on a respective one of a plurality of plates of 
|15 glass, a first spacer being provided between a first plate of glass on which the first 
reflecting surface is formed and a second plate of glass on which the second reflecting 
surface is formed, and a second spacer being provided between the first plate of glass 
on which the first reflecting surface is formed and a third plate of glass on which the 
third reflecting surface is formed, whereby air is interposed between the first planar 
20 reflecting surface and the second and third planar reflecting surfaces. 



9 



8. An apparatus for measuring the frequency of light, comprising: 
a first planar reflecting surface; 

a second planar reflecting surface positioned parallel to and at a first distance 
from the first planar reflecting surface; 

a third planar reflecting surface positioned parallel to and at a second distance 
from the first planar reflecting surface, the second distance being less than the first 
distance, the second planar reflecting surface having a first edge and the third planar 
reflecting surface having a second edge, the first edge and the second edge facing one 
another; 

a planar transparent member mounted between the first and second edges so as 
to form a step; and 

a directing means for directing a collimated beam of a linearly polarized light 
wave onto the first planar reflecting surface, the electric component vector of the light 
wave impinges on the first planar reflecting surface at the Brewster angle such that the 
Hght wave propagates through the first planar without any light being reflected from 
the step back into the etalon and interfering with a frequency measurement. 

9. The apparatus according to Claim 8, wherein the first, second and third 
planar reflecting surfaces and the step are each formed on a glass member. 
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10. The apparatus according to Claim 8, wherein the first, second and third 
planar reflecting surfaces and the step are each formed on a silicon member. 

H. The apparatus according to Claim 8, wherein air is interposed between 
5 the first planar reflecting surface and the second and third planar reflecting surfaces 
and between the first planar reflecting surface and the step. 

12. The apparatus according to Qaim 8, wherein the first distance between 
^ the first planar reflecting surface and the second planar reflecting surface is 1.0mm, the 
|10 second distance between the first planar reflecting surface and the third planar 
| reflecting surface is 0.999910mm, and a third distance between the first and second 
;jS edges is 300nm. 

;^ 13. An etalon, comprised of: 

|5 a solid transparent elongated member having a first end and a second end, the 

first end and the second end being oppositely disposed to one another, the first end 
having a rectangular cross-section with a top surface, a side surface and a bottom 
surface, the second end having a rectangular cross-section with a top surface, a side 
surface and a bottom surface, the top surface of the first and second ends being 

20 coplanar, the side surfaces of the first and second ends being coplanar, the bottom 
surface of the first end being farther from its top surface than the bottom surface of the 



11 



second end is from its top surface, the bottom surfaces of the first and second ends 
being rectangular-shaped, the bottom surface of the first end having a first edge and 
the bottom surface of the second end having a second edge, the first edge and the 
second edge facing one another; 
5 a planar step joined to the first and second edges; and 

partly semi-reflecting surfaces formed on the tops and bottoms of the first and 
second ends and on the planar step. 

14 - The etalon according to Claim 13, wherein the first and second ends of the 
O10 solid transparent elongated member are each fabricated from glass. 

J] 15 - The Gtalon according to Claim 13, wherein the first and second ends of the 

L, solid transparent elongated member are each fabricated from silicon. 

| 15 16 - The etalon according to Claim 13, wherein some of the light projected 

onto the top surfaces of the first and second ends reaches the planar step at the 
Brewster angle. 

17. The etalon according to Claim 13, wherein a first distance between the top 
20 and bottom surfaces of the first end is 1.0mm, a second distance between the top and 
bottom surfaces of the second end is 0.999910mm, and a third distance between the first 
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and second edges is 300nm. 



18. The etalon according to Claim 13, further including: 

projecting means for projecting a beam of collimated linearly polarized light 
waves onto the top surface of the etalon with the electric component vector of the light 
waves in the plane of incidence, the planar step having a slope with respect to the top 
surfaces of the first and second ends that is at the Brewster angle with respect to the 
light waves passing through the elongated member, whereby the small portion of the 
light waves impinging on the step pass through the step and are not reflected back into 
the interior of the solid transparent elongated member, thereby avoiding interfering 
with a measurement of a frequency of the light waves. 

19. The etalon according to Claim 18, wherein the first and second ends of the 
elongated member are each fabricated from glass. 

20. The etalon according to Claim 18, wherein the first and second ends of the 
elongated member are each fabricated from silicon. 



ABSTRACT 

A stepped etalon having a top surface and two bottom surfaces that are parallel 
to the top surface and are each positioned at different distances from the top surface. 
Each bottom surface has an edge, wherein the edges face one another and a sloping 
5 step is positioned between the two edges so that rays from a beam of light projected 
onto the top surface of the etalon strike the step at the Brewster angle and pass through 
the etalon without any light being reflected back therein. 
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IN IKE UNITED STATES 
PATENT AND TRADEMARK OFFICE 



Declaration and Power of Attorney 



As the below named inventor, I hereby declare that ; , . , 

My ^dence, post office addie* and dtfeemhip are as stated below rtext* % 



name 



1 believe 1 am the original first and sole inventor of the sabj^ ma^r wljchis 
H*imnd Editor wto a ™tenTk sought on the invention entitled a Fabry-Perot Stepped 
S£ ££5 Trainee C^nsto the specification of which is attech^ 

hereto. ' • 

I hereby state that I have reviewed, arid understand the content? of the • < abctfe 

identiBed ^fSk including the claims, as amended by an arrumdxnent, an*. 

specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to, 

patentability as defined in Tide 37, Code of Federal Regulations, 1.56. 

1 hereby daim foreign priority benefits under Tide 35, United State* Code, ll^of- 
any foreign P— * « invents certificate hsted Wow and have^ 

totifiedbelow any foreign application for patent or inventor's certificate having a fitag . 
date before that of the application on which priority is claimed: 



Nome 



I hereby claim the benefit *nder Title 35. United States Code, 120 tfmy.V&b» 
Stetes application/*) listed below and, insofar as the subject matter of each of t^ctounsof .... 
this apTScation is not disclosed in the prior United States application to the numner 
provided by the first paragraph of Title 35, United ^^^^^fT. 
duty to disclose all information known to me to be material to pafent.b*ry » drfmedm 
Titfc 37 Code of Federal Regulations. 156 which became available between fee ffmg.date ; 
of the prior application and the national or PCT intemational filing date of this appli^t»n: ; ;. 



'None 



1 hereby declare that ail statements made herein of my own knowledge are true ana - 
mat an statements made on mformatkm and belief axe believed to be true; and further ihat 
these statements were made with the knowledge that willful false statements and ^13* so 
made are punishable by fine or imprisorrment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of foe 
application or any patent issued thereon- 
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(Reg. No. 29964) 
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